This paper addresses the recognition of reduced word forms, which are frequent in casual speech.
THE RECOGNITION OF REDUCED WORD FORMS 3 In this paper, we discuss the recognition of reduced word forms in casual Dutch. Words can appear in highly reduced forms in Dutch, as in other Germanic languages (see e.g. Kohler, 1990; Keating, 1998) . Consider the examples in (1), which are the result of multiple reduction processes.
(1) Highly reduced word forms in Dutch (Ernestus, 2000: 137 It has been shown that single deletion processes affect how quickly and accurately listeners recognize words (see Cutler, 1998 for an overview of relevant studies). If recognition accuracy is correlated with degree of reduction, highly reduced word forms may not be recognizable at all on the basis of their own acoustic signal only. Their recognition might depend to a considerable extent on their semantic/syntactic context.
We report two experiments investigating how degree of reduction and size of context affect the recognition of word forms. We observed effects for both reduction and context. We discuss the implications of our findings for psycholinguistic models of spoken word recognition.
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EXPERIMENT 1
In order to investigate the effects of degree of reduction and context size on the recognition of word forms, we carried out an experiment in which participants listened to word forms and reported in written form the words that they had heard.
We presented word forms with three degrees of reduction (Low, Medium, High) 
in their Full
Context, in Limited Context together with the adjacent vowels and intervening consonants, and in an Isolation Context without any of their phonetic and syntactic/semantic context. The three kinds of context provide different amounts of syntactic/semantic information as well as phonetic information. Listeners have no access to syntactic and semantic context when the word forms are presented in the Isolation Context. They also do not have access to all phonetic cues, when the forms are presented in the Isolation Context, since the interpretation of some of these cues depends on phonetic context. For instance, the interpretation of a vowel as tense or lax in Dutch is based on its length given the rate of speech, and rate of speech can only be determined if one more vowel is available (Nooteboom, 1979; Nooteboom & Doodeman, 1980) . Moreover, listeners are unable to accurately interpret the acoustic signal when words are presented without any context because it is only when they can identify the segments adjacent to the relevant word forms that they are able to determine whether acoustic characteristics of the initial and final segments of these forms result from coarticulation or from assimilation (cf. Gaskell & Marslen-Wilson 1996 , 1998 Zwitserlood & Coenen, 2000) . 
Method
Materials. We selected 54 stretches of speech from a corpus of spontaneous casual conversations recorded in a soundproof room (Ernestus, 2000, 87-103) . Each of these stretches of speech contains one target word form, and the 54 target forms are listed in the Appendix. These targets forms are the (reduced) variants of 20 different words, to which we will henceforth refer as Word Types. The forms fall into the following three classes of reduction. First, there is the class of forms with Low (little or no) Reduction. The forms in this class are the least reduced forms of a Word Type in casual speech, e.g., [»mox´l´k] mogelijk "possible". The second class is the class of forms with Medium Reduction. These forms are reduced, but consist of more segments than the initial, the final, and the stressed segments of their unreduced counterparts, e.g., [»mox´k] mogelijk "possible". The final class consists of forms with High Reduction. These forms are reduced, and consist maximally of the initial, final, and stressed segments of their unreduced counterparts, e.g., [»mok] mogelijk "possible". The classifications of the word forms were based on the unanimous transcriptions of three trained phoneticians who listened to the stretches of speech containing the word forms as well as the four preceding and four following syllables. The phoneticians could replay these stretches as often as they thought was necessary for a reliable transcription. In addition to the target items, there were 55 filler items and 30 practice items, ERNESTUS ET AL. 6 which also varied in degree of reduction. We presented all forms in three contexts. First, in the Full Context, we presented the complete sentences in which the word forms were realized, e.g.,
[zo snEl mok nar ´˘] zo snel mogelijk naar eh "as fast as possible to uhm". Second, in the Limited Context, we presented the forms together with the adjacent vowels and intervening consonants, e.g., [El mok na] el mogelijk naa "ast possible to". Finally, we presented the forms in the Isolation Context, cut away from their context, e.g., [mok] mogelijk "possible".
In summary, there are 20 Word Types (mogelijk, eigenlijk, natuurlijk, etc.) , which are represented by 54 word forms with different degrees of reduction (Low, Medium, High). These forms are presented in three kinds of context (Full, Limited, Isolation).
Procedure. Participants listened to stretches of speech over headphones (Sony NMR-55), with each stretch of speech being presented only once. The participants identified the words contained in these stretches by writing them down according to their normal spelling. For instance, if they perceived the word form [Eik] , and identified it as a form of eigenlijk, with the canonical form [Eix´l´k] , they wrote down eigenlijk. The experiment was self-paced. Participants were presented with a new stretch of speech only after they had indicated that they were ready by pushing a button. All items were presented in all contexts.
Participants. Sixty participants, twenty for each context, were paid to participate in the experiment. All participants were native speakers of Dutch, and most of them were undergraduates at Nijmegen University. The participants were assigned to one of six groups, each group hearing the stretches of speech in a different random order. Reduction to a large extent, contrary to fact. Apparently, the data only support the hypothesis that syntactic/semantic context facilitates the recognition of Highly Reduced forms.
Results and discussion
Note that the semantic and syntactic context may well facilitate recognition since some of the word types have high probabilities to occur given their full context. For instance, the probability that the word type mogelijk "possible" follows the phrase zo snel "as fast as" is high, and the probability that volgens "according to" precedes mij "me" is high as well. The effect of Degree of Reduction might be interpreted as resulting from other factors. First, it might be interpreted as an effect of frequency of occurrence of the forms with Low, Medium, and High Reduction. Higher frequency words are recognized faster (Rubenstein et al., 1970; Forster & Chambers, 1973) . It might be the case that word forms with High Degree of Reduction occur less frequently than forms with less reduction, and that this is the reason that the Highly Reduced forms are recognized less accurately. However, frequency of occurrence probably cannot account for the differences in the recognition accuracy between word forms with Low and Medium Reduction. It is our impression, based on our work on corpora of spontaneous spoken Dutch, that the word types incorporated in our experiment occur more frequently with Medium Reduction ERNESTUS ET AL. 10 than with Low Reduction in every-day speech. We even had difficulties finding unreduced forms of some word types, such as helemaal, inderdaad, and allemaal, in the corpus of casual Dutch from which we took our materials for the experiment. If this impression is correct, it remains unclear why the forms with Low Reduction are reported equally accurately as the (higher frequency) forms with Medium Reduction. On the basis of the limited information that is currently available on the frequencies of spoken word forms, it seems unlikely that frequency of occurrence is the key to the understanding of our pattern of results. In what follows, we investigate whether the effect of Degree of Reduction is entirely the effect of the intelligibility of the acoustic signal, or whether degree of reduction still plays a part of its own. We take as our point of departure our identification scores obtained in Experiment 1. We restrict ourselves to the scores obtained for the forms presented in the Isolation Context, since these forms were recognized the least accurately. In order to investigate the effect of the intelligibility of the acoustic signal, we determined listeners' interpretation of the signals representing these forms in the Isolation Context, that is, the phonemic representations 
EXPERIMENT 2

Method
Materials. The materials consist of the same 54 target word forms as used in Experiment 1, plus seven practice items, which were also taken from Experiment 1.
Procedure. Participants transcribed phonetically the word forms that we presented to them in the Isolation Context. They used a simple phonetic system which is very close to the Dutch spelling system. For instance, if they perceived [Eik] , which is a reduced form of eigenlijk, with the canonical form [Eix´l´k] , they wrote down eik. The participants heard the items only once, like the listeners in Experiment 1 did. The experiment was again self-paced. Participants were presented with a new word form only after they had indicated that they were ready by pushing a button.
Participants. Ten native speakers of Dutch and students at Nijmegen University were paid to participate in the experiment. They were assigned to one of 6 groups, each group hearing the stretches of speech in a different order.
Results and discussion
The transcriptions provided by the ten participants were translated into the International Phonetic Alphabet. These translations can be found in the Appendix.
In order to determine the effect of the intelligibility of the acoustic signal, we defined the "Intelligibility", or better "Unintelligibility", of a word form as the average relative difference between each transcription provided by the participants for this word form and the closest "Possible Phonetic Form" of the corresponding Word Type. We define Possible Phonetic Forms as forms that are related to the unreduced form by general reduction processes, such as deletion of liquids, deletion of [t] in consonant clusters, vowel-reduction, and deletion of unstressed vowels (cf. Ernestus, 2000, 107-144) . We quantify the Unintelligibility of a word form by means of the average number of segments that are different in the two forms divided by the number of segments in the relevant Possible Phonetic Form. We do not count differences in vowel quality and in single features, since these types of differences appear not to contribute much to the unintelligibility of the signal. Experiments have shown that listeners readily alter vowels to turn a nonword into a real word (van Ooijen, 1996) , and words may be activated especially if they differ from the input by just a single specific feature (e.g., Blte & Coenen, 2000; Zwitserlood & Coenen, 2000) .
The more segments there are in a phonetic form, the more differences there can be between the phonemic representation as established by a listener and the closest Possible Phonetic Form of the corresponding word type. This implies that if we defined the unintelligibility of the signal as just the number of differences, there would be a positive correlation between the length of a phonetic form and its unintelligibility. This is contrary to fact: it is certainly not more difficult to THE RECOGNITION OF REDUCED WORD FORMS 13 recognize long forms than short ones. We therefore normalize the number of differences with respect to the number of segments in the relevant Possible Phonetic Form.
To give an example, we assigned an Unintelligibility score of 0.10 to the word form which In order to determine whether degree of reduction proper plays a role in word recognition besides the unintelligibility of the signal, we investigated the effect of the combination of unintelligibility and degree of reduction proper. We defined new scores, to which we will refer as Deviation scores, as the number of deletions, substitutions, and additions required to transform a given word form into its corresponding full canonical form, divided by the length of this canonical form. For instance, the Deviation score of the word form [çs] , given the canonical form
[Als], equals 2/3. As we have 10, often different, phonetic transcriptions for a given experimental word form, the Deviation score for an experimental word form is obtained by averaging over the normalized distances, as were the Unintelligibility scores. The resulting Deviation scores can be found in the Appendix.
When counting the number of deletions, additions, and substitutions, we take every difference into account, including differences in vowel quality and differences between consonants differing in single features, because it is not at all clear which differences should be counted, and how they might be weighted. For instance, it is not clear whether the absence of [l] is worse than the difference between [ç] and [A] . In this way, we obtain a, albeit crude, measure of distance to the canonical form that allows us to state numerically that both word forms reveals (note that they are strongly correlated to each other, r = 0.71, t(52) = 7.33, p < 0.0001) the Deviation score to be the only statistically significant predictor (F(1, 51) = 60.87, p < .0001; Unintelligibility: F < 1). We conclude that the Deviation score, which measures both Unintelligibility and Degree of Reduction, is a better predictor of the percentage of misidentifications than a measure of Unintelligibility by itself.
GENERAL DISCUSSION
This study reports two experiments investigating the recognition of word forms in casual speech.
Experiment 1 shows that phonetic context as well as syntactic/semantic context facilitates the recognition of word forms. Highly reduced word forms are well recognizable, but only when they are presented in their full context. Full context favors recognition because it provides listeners not only with phonetic cues but also with semantic and syntactic information. This finding challenges pure bottom-up models of word recognition such as Shortlist (Norris, 1994) , at least with respect to the processing of highly reduced forms. The observation that the Limited Context allows better identification than the Isolation Context underlines the relevance of phonetic context for establishing phonemic representations. This is an issue that has as yet received no systematic attention in the psycholinguistic literature.
In addition, Experiment 1 shows that if forms are presented in the Isolation Context or in the Limited Context, recognition is correlated with the degree of reduction of the forms. It is more difficult to recognize highly reduced forms than less reduced forms. We ascertained, on the basis of the transcriptions obtained in Experiment 2, that the effect of degree of reduction is in part an effect of unintelligibility. Listeners have difficulties recognizing highly reduced forms because it is difficult to establish phonemic representations on the basis of the acoustic signals expressing these forms. Nevertheless, the attested correlation between degree of reduction and recognition accuracy appears to be due also to degree of reduction proper. If the phonetic distance between a reduced form and the corresponding canonical form increases, recognition of the form detoriates.
An important question concerning the recognition of reduced word forms is the role of potential storage of reduced forms in the mental lexicon. Two extreme hypotheses can be postulated: The mental lexicon might contain all Possible Phonetic Forms of all word types, allowing direct form-based lexical access, or, alternatively, the mental lexicon might contain only one representation for every word type, reflecting its unreduced form, in which case reduced forms are recognized following processes of reconstruction.
Our finding that degree of reduction proper affects recognition accuracy suggests that there is no simple storage of all Possible Phonetic Forms. If all Possible Phonetic Forms would have their own access representations and if these representations would all be equally well accessible, one would expect that all Possible Phonetic Forms would be equally easy or difficult to recognize, contrary to fact. Clearly, models assuming extensive storage require additional ancillary assumptions, e.g., that forms differ in their resting activation levels, or that certain phonetic forms can be accessed only under certain conditions. In this respect, the Shortlist model is also challenged. Shortlist can easily handle reduction phenomena as long as reduced forms are stored in the mental lexicon, but it cannot explain the effect of degree of reduction proper on recognition accuracy.
Models which assume that the mental lexicon contains access representations only for the canonical forms, for instance the model developed by Gaskell & Marslen-Wilson (1996 , 1998 , can incorporate the effect of degree of reduction proper on recognition accuracy without difficulties. The larger the difference between a reduced form and the canonical form, the more reconstruction is necessary, and the more often recognition will be problematic. Further research is required, however, to elucidate the precise nature of the mapping process linking highly reduced forms such as [Eik] (eigenlijk "in fact") to their canonical form ( [Eix´l´k] 
